Introduction
In 2013 approximately 40 % of the world's population was connected to the Internet via various devices [1] . The ubiquitous nature of the Internet in a modern society is attributed to its general usefulness and potential to simplify our daily lives while enhancing, or even enriching our experiences. Nevertheless, there have been reports of people who showed signs of using the Internet excessively to the detriment of their 'real' lives, time spent with their families and friends, and ability to meet their obligations [2, 3] . A term being employed since the nineties to describe extreme cases of excessive Internet use (EIU) is the term 'Internet Addiction Disorder' (IAD). This term was coined as a practical joke, meant to reduce ad absurdum the practice of diagnosing pathological gambling with the symptom checklist employed in the manual of the American Psychiatric Association; the rationale being that if we could accept this practice as valid, then we could employ similar criteria to diagnose an addiction to everything. Unexpectedly however, some Internet users came forward, stating that they recognized themselves and their online habits in these mocked-up terms. This was a case of reality catching up with fiction, leading to a creation of a more general term, 'technological addictions', to describe problematic patterns of using technological means, including excessive use of personal computers (PC) and the Internet [4, 5] . It follows on the footsteps of the classical work by Dr Shirley Turkle, 'The Second Self', where the author described a subculture of computer programmers of the late seventies who were completely devoted to an artificial environment, their aim being no longer using but rather interacting with the PC [6] .
Using terms related to the addiction paradigm to describe EIU was met with skepticism; the Internet was considered as simply providing a new pathway to express underlying psychopathology [7] , while those few cases of overindulgence supposedly were a result of initial enthusiasm with the new medium and its enticing possibilities [8] . Research however, in large community samples that excluded those users diagnosed with any psychiatric disorders, showed that users with EIU had in fact more online experience, having been introduced earlier to the Internet than their peers [9, 10] . The incidence of cases also increased rather than decreased, with numerous mental health services having been set up across the world. Our personal experience stems from setting up two of those services in Greece, on 2008 [11] and 2010 [12] .
Since those early reports a multitude of published studies have marked the gradual increase of research interest in the subject; a NLM/PubMed query on the terms most frequently employed (addiction, dependence, abuse, compulsive, overindulgence, overuse, excessive/pathological/problematic use) has returned 498 results at the time of writing this report. This interest led to the consideration of including IAD in DSM-5 [13] . The wider debate referred to important classification questions: whether this concept merits inclusion as a primary disorder, whether IAD was a consequence of other underlying disorders, or whether individual activities like online gaming were the principal causes of harm [14] . Additionally, if IAD was to be considered a specific disease entity, should it be categorized in the Obsessive-compulsive Disorder (OCD) spectrum [15] or with other 'behavioral' addictions, like gambling? [16] . The authors of DSM-5 concluded, upon the inclusion of 'Internet Gaming Disorder' in "Conclusions", that it was a condition warranting more clinical research and experience, before it might be considered for inclusion as a formal disorder [17] . The fact that more research was available on the adverse outcomes of online gaming led to limitation of the scope to gaming rather than to general Internet use, online gambling or social networking. The proposed criteria are closely related to the original IAD criteria, which in turn originated from those criteria for pathological gambling several years ago.
Having accepted that there are at least some aspects of Internet use which lead to adverse outcomes for the excessive user, even if some common diagnostic criteria are eventually agreed upon, the question remains as to why one user would present with this behavior and another would not. Given that virtually every home in a 'First World' country is soon to have Internet access, this question assumes great value from a public health perspective; if we can identify those users vulnerable to excess then it is conceivable that we could prevent their excessive behavior. Not surprisingly then, a number of studies have tried to elucidate the factors associated with excessive use. Following the lead from addiction research, this included users' personality organization.
Personality and Models of Addiction
When we classify any behavior as excessive then a separate question arises as to whether the underlying personality organization contributes decisively to its origins. There is however a major methodological hurdle; the term 'personality' includes a great many theoretical models, quite often at odds with one another, representing partial views of an intrinsic totality [18] .
Although psychiatry has approached the issue from the pathological point of view, defining a number of personality disorders, the large number of competing models seeking to describe 'normal' personality creates a difficulty in comparing research outcomes; typically, studies from different research teams employ research instruments and methodologies that differ from each other.
The field of personality theory that has been applied the most in EIU research is one comprised of various trait and factorial perspectives. Traits are single dimensions of individual differences, expressed consistently across time and pervasively across situations [18] . Various models have been proposed each with its own set of rules for grouping specific constellations of different responses to questions considered revealing of each trait. Some models were created after theorists such as Hans Eysenck [19] or Jeffrey Gray [20] posited the existence of specific traits and then proceeded to devise an appropriate research instrument (questionnaire) aided by factor-analytic statistical methodology. In those theories, an underlying neurobiological foundation is supposedly expressed through specific traits which persist in different situations across the lifespan, and are expressed more frequently in specific patient populations. The reverse approach, typified in the Five-Factor model (FFM) [21] , was based upon the premise that, by factor-analyzing all the available personality characteristics in the relevant literature then we would reach a common set of basic traits that should have some neurobiological underpinning. Either way, results from the research conducted provide some basic understanding of how specific aspects of personality may be correlated and expressed in a similar manner in various contexts. The common characteristic of these models is the relative ease with which they can be applied to any research population with basic grammatical knowledge in a small amount of time, rendering the research effort easy to manage, easy to understand and low-cost. The models which have been employed in research of EIU in 34 identified studies include: Eysenck's PEN model (tested with the EPQ questionnaire) [19] ; Gray's bio-psychological model (tested with the BIS & BAS questionnaire) [20] ; Cloninger's psychobiological model (tested with the TPQ questionnaire) [22] ; Zuckerman's alternative FFM (tested with the SSS and ZKPQ questionnaires) [23] ; the FFM (tested with the NEO-PI questionnaire) [21] and Cattell's 16 personality factors (tested with the 16PF) [24] . Those models propose various traits which share common names and features only in some cases. An effort was made for the benefit of the reader to group those traits by similarity, so as to make sense of their collected results. This grouping is presented in Table 1 . The more frequently employed scales for research were: the EPQ [25] [26] [27] [28] [29] [30] [31] [32] ; NEO-PI [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] ; TPQ [48] [49] [50] [51] and BIS & BAS questionnaire [52] [53] [54] ; with single studies carried out with the SSS [55] and 16PF [56] . We should note that, although the Lie factor was originally included in the EPQ to provide a reliability scale, there were reports that it merits a separate analysis as an index of social conformity [57] , and it appears to correlate with the typically high degree of social immaturity of drug addicts. For this reason it is grouped together with Conscientiousness in Table 1 and this grouping could be appropriate for other reliability scales as well in trait research.
The grouped results show us an obvious pattern, with those individuals scoring higher in measures of EIU also scoring higher scores in the basic traits of Psychoticism, Neuroticism, Sensation / Excitement seeking and lower scores in Extraversion, Reward Dependence (RD), Conscientiousness, Agreeableness and Self-Directedness (SD).
From a psychological point of view, the predominance of those traits in excessive users infer certain characteristics; those individuals who score higher than average in Psychoticism are thought to be more aggressive, assertive, manipulative, dogmatic and tough-minded, while being more likely to display extreme manifestations of psychic anguish, including feats of rage and psychotic breakdowns from reality. Higher scores in Neuroticism are linked to individuals with difficulty to self-regulate, leading to inner tension, anxiety, feelings of guilt, low self-esteem and mood swings. Sensation seeking is conceptualized as a construct related to Psychoticism but different to the extent that the individual is fixated in seeking out sources of pure excitement, rather than long-lasting achievements. Low scores in Extraversion are expected in persons who are not keen to take center stage or readily express themselves, are unlikely to seek instant sources of gratification, take risks or make rash decisions, but rather tend to ruminate in thought, be passive and seek solitude. Low scores in RD are found in conservative persons with low impulsiveness and drive, who are less likely to respond to social cues and gratifications. Conscientiousness and Agreeableness are also closely linked to (low scores of) Psychoticism, from which they differ in that their motivation for the goal-oriented behavior is respectively either rooted in dedication to a higher value, or to the well-being of those persons close to them. Thus, in persons with low scores in those two variables, as is the case in the EIU samples, there is a distinct lack of consideration for societal norms and expectations as a motivating factor. Interestingly, studies employing the EPQ that involved chemical-dependents and drug addicts have consistently demonstrated a similar pattern of scoring higher on the Psychoticism and Neuroticism factors, and lower on the Lie factor; those were dubbed "high addiction scores", (P+, N+and L-) [61, 62] . Neuroticism has been reported as possibly being artificially inflated during the course of drug addiction and contact with corresponding services, rather than being a primary finding [61] . The consensus on high Neuroticism in the presented studies is relatively unique to EIU and it was found on population samples Negative correlation in all studies with EIU Curr Behav Neurosci Rep (2014) 1: [19] [20] [21] [22] [23] [24] [25] [26] as well, rather than those subjects in touch with health services. One possible explanation would be that high scores on Neuroticism are an artifact of frequent comorbidity of EIU with other mental disorders, in which case the subject turns to the Internet to alleviate psychic pain; this hypothesis can only be confirmed however with a large clinical sample. To summarize, results from trait personality studies of EIU indicate that persons with excessive Internet use are typically self-centered and distant; face difficulties in regulating their feelings and are prone to fits of anger; are only motivated by short-term gratification of their needs; face challenges in relating to others; feel superior and display bravado, while at the same time being unsure of themselves and shying away from direct challenges.
Some of the aforementioned trait theories [19, 20] claim that the underpinnings for these traits are essentially neurobiological. If we accept this premise, then an addicted person could have a specific neurobiological 'profile' as well, one possibly linked to predilection for addictive behaviors. Research on neurobiological correlates of addiction has attempted for some time to determine alterations in brain chemistry and functionality linked to the expression of addictive behavior. Dysfunction of dopamine neurotransmission in particular has been highlighted as a finding for some time. Activation of this pathway is critical for the acute rewarding effects of psycho-stimulants and also has an enabling function for all other drugs [63] . Multiple findings verify a hypothesis that such a dysfunction in the mesocorticolimbic reward pathway is found both in drug addiction [64] and excessive gambling, the 'prototypical' behavioral addiction [65, 66] . Dopamine receptors D 2 , D 3 and D 4 are demonstrating a high level of polymorphism in addictive behaviors, although multiple other receptors have also been implicated in a smaller number of studies, as has the relative differences in D 2 /D 3 ratio levels [67] [68] [69] . The proposed dopamine hypothesis for addiction that attempts to explain these experimental results maintains that, since excessive dopamine functioning that is directly induced by an addictive behavior increases its incidence, individuals in whom inherent dopamine functioning is below par would be readily addicted to those types of behavior which are reinforcing, and will continue to indulge in these behaviors, even after the circumstances giving rise to them have changed. The reverse hypothesis states that high levels of dopamine receptors may protect against addictions, as shown in a related study where higher than normal D 2 receptor availability was found in nonalcoholic members of alcoholic families [70] . Those personality traits found to associate with individual variability in dopamine functioning include high Psychoticism [71, 72] and high Novelty Seeking [73] , while there are conflicting findings for the Extraversion trait. A recent meta-analysis has suggested caution in similar claims, since this picture may be obscured due to interaction effects between genes and the environment [74] , as witnessed in a related study [75] . Additionally, since all addictive substances tap into the neural reward mechanisms [76] , the hypothesis that an increase in the trait RD would be correlated with dopamine receptor polymorphism was confirmed relatively early on [77] .
Following the lead of chemical addiction research, similar studies were set up to investigate possible direct evidence of the similarities in the neurobiological profiles between EIU and other addictions. A review of the literature of neurobiological research on EIU [78] found nearly all comparative studies reporting similarities between affected Internet users and those suffering from substance dependence and impulse control disorders, with regard to poor behavioral inhibition and high impulsivity. EIU, especially in cases related to excessive online game playing, was directly associated with dopaminergic system dysregulation [79, 80, 81•, 82•] . Interestingly, genetic polymorphisms of the dopaminergic system correlated with higher levels of RD and RS [51, 83, 84 ••], rather than the lower levels claimed in the aforementioned non-experimental studies. In this respect the results from the three studies by Ko et al mentioned earlier [48] [49] [50] are surprising. The authors explained their results by speculating that low RD is associated with impairments in social reinforcement of acceptable behavior, along with poor persistence in task-oriented action, thus fitting the profile of an Internet addict that seeks immediate and predictable sources of gratification, rather than face possible frustrations with real-life tasks. In light however of the 'hard' evidence provided by neuroimaging and gene analysis, it is more appropriate to conclude that RD is typically increased in EIU; cultural factors of that particular environment (South Korea) or differences in the definition of EIU may be factoring in those results. In our clinical experience with affected college students during the last three years [12] , there have been several individuals who would fit the above character description; clinical subtyping would help discern the profiles of affected users, work which is currently in progress with our research team.
A related recent important finding from Dong et al [84••] was that when faced with a gambling task, subjects with IAD had similar responses to those from addicted gamblers; enhanced sensitivity to win and decreased sensitivity to lose. According to the authors this would provide an explanation as to why subjects continue despite the adverse effects to their well-being. We would add that this study provides some evidence for including IAD along with pathological gambling in the field of behavioral addiction.
Methodological Issues with Personality Trait Studies
Research quoted so far has had a number of additional shortcomings, other than the lack of common language between different personality models, working definitions of EIU in general, and IAD in particular. The principal one is poor generalization of the results. Most studies were conducted either on small, convenience samples which do not represent any particular population; on samples of specific ages (e.g. high school or college students); or on highly specific samples with other co-existing psychopathology or limited scope of online interests (game players, social networkers). Replications of the obtained results is rendered near-impossible since one should consider that the demographics of online users were constantly shifting during the time frame 1990-2010, as were their online preferences and even the nature of those online preferences (e.g. types of favorite online games). Also, cultural factors may play an important role, with certain Internet 'fads' more prominent in specific countries or entire regions. Still, the surprisingly consistent findings throughout the vast majority of those studies are of certain value. Focusing on specific populations with consistent online habits (e.g. an online community with a long-standing interest in specific types of online games) may in fact be the sole possibility to enable future comparisons between studies. Settling upon a common definition for IAD would promote research, and the new criterion based definition for online game disorder in DSM-5 is expected to do just that, to the possible detriment of research in other fields of EIU.
Alternate Directions in Personality Research on Excessive Use of the Internet
Excessive Internet Use and Personality Disorders; an Under-Researched Field
Research presented so far stems from the viewpoint that some personality traits are more prominent in those demonstrating addictive behaviors, in our case with the Internet. The reverse notion is that certain addictive behaviors are so common among specific personality disorders (borderline, antisocial) as to be considered amongst the defining criteria for their diagnosis [17] . This possible reverse link is under-researched in EIU; a single study reported some comorbidity with clinically diagnosed obsessive-compulsive, borderline and avoidant personality disorders, in a small clinical sample, treated for other psychiatric diseases [15] . There is also a paucity of studies employing standardized measures of personality disorders in either clinical or the general population; there are no studies employing structured clinical interviews for personality disorders and only two studies employing the MMPI scale [85] , the prototypical scale assessing personality issues related to psychopathology. Those two studies reported that three MMPI-2 subscales measuring personality patterns usually associated with substance addiction (MAC-R, APS, AAS), differentiate problematic video gaming from enthusiastic gaming [86] , while measures of EIU correlated with the MMPI-2 Addiction Potential Scale [87] . Certain constructs related to personality pathology, like narcissism, have been mentioned in related research; narcissistic personality traits were positively correlated with online game addiction in a single study [88] . There's a lot of media attention on the possibility that narcissism may be a factor contributing to involvement with social networking sites (SNS), yet a recent study concluded that, while narcissists have different reasons than non-narcissists to use SNS, they do not appear to use them more often [89] . Clearly there's room for more research in the field of personality pathology and EIU, although the results may be counter-intuitive.
Online Manifestations of Hidden Personality Traits
A unique issue with personality research online is both intriguing and puzzling. Every online communicator that withholds some parts of his identifying information is said to possess an 'avatar', a term that has been loosely described as the online persona that the user is assuming, and is specific to that particular online environment. There has been considerable research interest in the meaning that the avatar assumes for the user, something clearly outlined by the considerable personal psychological investment in it [90] . The avatar is claimed to provide a unique online outlet for the user's 'true self' [91] . The 'true' or 'real' self is a concept put forward in various forms by Jung, Rogers and Winnicott, stating that an alternate personality construct exists at the same time with the manifest personality ('persona' or 'actual self' or 'false self' respectively), yet represents a fuller personality that the subject ideally should strive for. Two interesting parallels are worth noting here; that of the origins of the words 'personality' and 'avatar'. The etymology of the word personality stems from the Latin persona originally representing the theatrical mask used by ancient dramatic players which had to express the feelings associated with their part in the drama, not by the expressions of their face, but solely with the use of this indirect means. 'Avatar' on the other hand in Hinduism represents the descent of a deity to earth in an immaterial, phantom-like form. Basic etymology it seems, corresponds to an understanding of an avatar as being something valuable, but only manifest in an imaginary world, while personality in an offline context is but a mere mask that the user discards when he joins the online world. Regardless of whether one ascribes to the concept of an alternate, hidden self, the parallels here create a novel problem for research; if the behavior ascribed to an online user is atypical for him in an offline context, then can we truly generalize from his online behavior as to his motivations and intrinsic qualities, or are we studying unique aspects of his behavior that will not be repeated offline? Is the online behavior a proxy of a deeper psychological constellation or a true mirror of the user's personality as expressed with his daily interactions in the 'real' world? Those questions are still open to research. A study attempting to relate the concept of 'real' self with trait psychology reported those subjects low on Extraversion and high on Neuroticism located their 'real me' on the Internet, rather than through traditional social interaction [92] ; this trait profile resembles the profile of excessive users mentioned above. If these results are replicated with excessive users then it could mean that the need to express one's 'true' self online could be a predisposing factor for EIU. Caution is required however when creating theory from correlations; the placement of this new 'true' self concept in personality research is far from decided, and ad-hoc terminology could be deceiving; if a user assumes a threatening or manipulative persona while online, would that not constitute character pathology?
Conclusions
Research on the link between personality attributes and various aspects of excessive Internet use has so far resulted in surprisingly consistent results, considering the complexity of researching a phenomenon without a concise definition that includes multiple and diverse behaviors. Various trait personality theories have featured prominently in research design so far, while several neurobiological studies have been conducted recently, increasing the validity of the notion to include online addictive phenomena in the psychiatric taxonomies. Results from all of those studies show remarkable similarities with other addictive behavior; more research however is needed, with measures from the field of abnormal psychology and personality disorders in particular. Research design should make an attempt to employ samples more representative of the general online user population or focus on specific activities, employing clinical samples whenever possible, rather than accepting results from a single questionnaire as denoting 'addiction'.
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